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SUMMARY

A weter channel suitable for the study of hydrofoils is discussed.
It is demonstrated that in the interest of economy a pilot channel
should be considered first. ‘:

The basis for the deaign of such a pilot channel is given. The
factors considered were; test section size, approach contour, control
of rate of flow, and pump and motor size required. A method of cone
struction is presented that will permit the geometry to be altered at
a ninimim of expense.

A test program is outlin=d that will produce design information

necessary to construct a large water channel suitable for the study
of hydrofoils,
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Introduction

There are many questions regarding both the fundemental theory and the
technical applications of hydrofoils that cannot be convenientiy investi-
gated except by a water channel. From a technical standpoint, a channel
suitable for this type of investigation should be free of surface waves,
have a uniform velocity distribution throughout the test section, and a
velocity range capable of duplicating the Froude nmurber range anticipatsd
for the practical application. It is also desirable to keep the initial
and operational costs as low as possible., There do not appesr to be any
channels (See Ref. c.) that meet these requiremonts, and therefore, it
was dscided to investigate the design of such a channel.

A short study of the problem reveelsd two important facts. Firsi, ths
cptimum design features will probably have to be determined experimentally
and perhaps involve many modifications. Second, the channel must be quite
large. In view of these facts, it is apparent that a dirsect approach
would be very expensive and time consuming. It wes decided, inmtead to
build a pilot channel from which the optimum design features could be
determined quickly and inexpensively. Presented, herein, is the design
of such a pilot channel and the associated test program.
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Test Section Sise:

The nsed far a pilot channel cannot be fully appreciated until the
nagnitude of the problem is clearly defined. The order of magnitude can
be obtained by considering the sise of the test 2ection, since the other
features will be proportional to it. This section contains a brief dis-
cuassion of the primary factors that determine the size of the full scale
channel.

One factor inf:luencing the size of the test section iv the anticipated
operatinz reglon of the technical application. 1. 3. the size and wvelocity
of hydrofolls that are of principal interest. It was assumed that the
naximim chord should be 15 ft. and the maximum velocity 50 ft/sec. The
corresponding operating region can be conveniently illustrated by the
moans of the Dynamic Similitnds Chart described in Ref. b.

A similar chart has been prepared, covering the appropriate range for
this gplication, and asprears as Fig. 1. In preparing the chart the pro-
perties of water at 60°' F were used. The chord of the hydrofoll was
selected as the characteristic length in computing the Froude number F,,
Reynolds number R, and Webers mumber W,

It is apparont that once the chord and velocity ere givon that F., R,
and W nay be immsdiately determined. It is also apparent that the
operating ragion 18 the ent’re region helow 1ina ARC, if the macimm size
and velocity assumed avove are the criteria.

Inspection of Fig. 1 shows that it is not possible to keep F;, R, and
¥ the same for model and the prototype. For the purposes of comparing
the results with theory or interpreting them for practical design, it is
most important that the Froude numbers be the same. The discrepancles
in Reynolds and Webers number can be minumized by using as large a

model as possible.
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The maximum velocity and the depth of the test section are interrelated.
The velocity should be small enough that the finite depth cf the channel
will not apm-eciably influence the test results. It was assuwed that
the maximm velocity should be that corresponding to the welocity of a
eravity wave with a wave length equal to the depth of the channel. This

establishes the maximum Froude number Py to be equal to 0.l, sinces

s - v
P, = =
v =. 8’

s

e

A h (condition assured for meximum velocity)
.‘l' -

3 2 =

The optimum depth of the channel was found to be L ft. This is a

o.L

compromise between cost of construction and operation, and test requiremmnts.
On the one hand, the depth should be a minimum from the viewpoint of expense,
but, on the other hand, it should be large enough to include a reasonably
large part of the anticipated test region. The depth selectsd above can be
defended with the use of Fig. 1. On this figure the lire EF represents the
maocimum velocity (Fp, ® O.L) permissible for a channel of ‘thia depth. In order

tc duplicate the Froude mumber, F_,, associated with the operating condition

c
B, a medel with a chord of .12 ft. must be used. If the depth were decreased
an even smaller model mat be um;d. It is not practical to consider a smaller
chord, hence, L ft. 13 the minimum depth that should be contemplated. It

is interesting to note that if a chord of .5 ft. were used, the depth would
have to be increased to 16 ft. to maintain the same Froude rmmber. This, of
course, would magnify the construction and operating costs many times, dince

all dimensions must be increased by the same proportion.

——
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The length of the test section should be 18 ft. This distance was
determined in two parts, in the following manner:

The first part is to enable ¢two hydrofoils to be tested in tanden,
with a spacing of half a wave length. Since the maximum wave length is
to be equal to the depth of the channel, the space required is 2 ft.

The seccnd part is to insure that the flow around the foil is not

turbed by obstructions downstrean from the foil. A dstance of four
wave lengths (16 ft) is required for this purpose.

The width of the test section should be 6 ft. This is to insure that
in the tests of foils with finite span, the waves formed at the tip will
not be disturbed by the cpposite wall within a distunce of three wave
lengths downstrean of the foil. It is expected that the maximm finite
span will be 2 ft. The angle which the tip wave formation makes with
the axis of the channel is approximately 19° see Ref. 8. Hence, the
width required is:

2 + (3) (L) tan 19" = 6 ct.

The anticipated size of the full scale water channel is, therefore,

L fee% deep, 6 feet wide, and 18 feet lcng. A convenient size for the
pilot channel is onc-sixth this size., It will then have a test section
8 inches deep, 12 inchss wide, mnd 36 inches long.

Pilot Channel Calculations:

The 8ize of the test section influences the design of the remainder
of the channel, The other elements comprising the channel are; plemum
chamber, apprcach, welr, reservoir, and return. Each of these clements
will be discussed in this section. It should be pointed out that the

dimensions used are not considered to be ideal but will themselwes be
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subject to investigation. In general they were made as large a8 con-
siderod practical with the intention of reducing them as mich as poseible
by experimental investigation.

The sise of the plem;m chamber depends upon the velocity (or area)
ratio, R, betwoen the plemum chambsr and the test section, and the
length required to control turbulence and velocity distribution. A
ratio, R, of 8 was selected. Since the test section, cross-section area
is 96 8q. in., the area of the pienum chamber must be 768 sq. in. Al-
though it would be desirable In many ways to vary only the width or the
depth, this was not done since the resulting dimensions were excessive.
A compromise of 2l inches deep and 32 inches wide was finally used. Ths
length required to control the flow was estimated to be 2L inches.

The epprosch mat cannect the plemum chamber to the test section in
guch a mennar as to keep the surface waves Lo a minimmm. WNo adequate
procedure is available to determine in advance the croes-sectional area
distribution required to produncs this result. It appears rcasonables to
assume that the disturbance to the surface would be worse where the
acceleration and velocity of the fluid were large.

Therefere, 1t was decided to design the approach so that the
acceleration is large where the yelocity 1is small and 8o that the
scceleration approaches zerc as the velocity approaches the maxirmum
velocity. Tnis mgy be accomplished by defining the flow in terms

of the acceleration diagram -~ sketched below.
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D & lengch of approach

a = acceleration

vV = Vp (Velocity at entrance) @ Xs O

V = Vi (Velocity at exit) @ X= D

The required distribution of cross-sectional area was found as follows.

It was assumed that the velocity was a function only of the distance, X,
along the approach. Then the accelerstion is given by:=-

a 2V -g

The velocity distribution satisfying the acceleration diagram can be
readily obtained. From this the acquired areas are found by the application

of the requirement of contimiity. The final results are:

259.'-121*1 0= x =R
+4

| R° <1 (D)) - R E-<=—x=0D

A

D -l) -

s cross-sectional areaat the entrance

:vt/ .5

v
p
Ay,

Thege equations were solved for several cases and the results are
given in table 1. From the previous discussion of the plenrum chamber
R and A, are already established as § and 768 sq. in, respectively. A
length D of 60 inches was chosen as being the practical maximum. These
cases were calculated using different values of E, namely, O, 30, and
60 inches.

The width of the approach must be 32 inches at the enirance and 12
inches at the exit. In the interest of simplicity of construction and of

smooth flow, it is desirable to keep the width constant for as great a

Sibedy e 4
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length as possible. A 12 inch width may be naintained for the last 4O
inches, since most of the change in cross-sectional area occurs in the
first 2C inches, nots table 1.

A curve, quadratic in form, was fitted to the initial portion of the
approach. The resulting equation for the width, 7, was;

¥ o=z x? « 2¢+ 32 O== x =20
50

" = 12 20= x =60
The width distribution is sketched below.

T L
32 k20— w0 — 12"

v

The depth, h, at any station, can now be found by simply dividing the

area required by the width. This was done for the three different sarea
distributions previocusly calculated. Unfortunately very steep slopes
were required at the extrance and alsc e reversed curvature, i.e. a
harp near the entrance. Fortunately, this was confined to the initial
20 inches of the aprroach. Since this reglon violates the assumption
that the velocity is only a function of the distance along the approach,
rather seriously this portion was modified by using a smooth curve. Two
cases were calculated ancd are given below.

For E = O h= .022975x"- 1.1265x + 2,

E 60 h - .009575x "= .709x + 24
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The accelerations are altered in this region and were calculated {rom;
vy = V A
P p
-

' % a -V, AL dy
L ;S

The final results are shown in Fig. 2. On this figure are shomn the
depth distribution and the associated acceleration diagram.

The weir is required to control the depth of flow in the test section.
Its characteristics were calculated and the results sre given by Fig. 3.
This figure shows both the quantity of fQow and velocity as a function
of the depth of flow in the test section with the highth of the weir as
a paremeter.

Their are many weir formulas presented in the literature on this sub-
Ject. The "King Formla", Ref. d, was used in these calculations since

it is an empirical equation bLased upon the results of several experimental

investigators.

: | jf“’ [\
|

Using the nomenclature given above, the King Formila may be written,-

: & E 2 S ¢ h
Q 3.3 Wh | 1+0U6Ec-"

In these calculations, the width was one foot. Therefore, the average

velocity in the test section becomes,-

Ry

'  §
Quantity of Flow ) A—\
Width of Channel Jz‘t
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Also snown in Fig. J are V.. and Q¢r, which are the velocity and quantity

LN@H’!I Reports HR -6 Page =%

of fleow corresponding to a gravity surface wave of length equal to the depth
of the channel., These werc calculated from the following equations.-
Ve = ‘_{2:_:;1;: a2 2.2 ,i/}—l.t
Qe = Vepxhy » 2,26 hy*
The reservoir should be large enough to prevent excessive fluctuations
in the level of the water in the reservoir, for ihe range of velocities
contemplated. In the extrenme case, the lewvel should not get so low as to

suck air into the fiow. A reservoir the sizec of the plemun chaber (24" x

2Lm x 32") should prove satisfactory. Thie will make the change in level
in the reservolr about twice the change in level in the plenum chamber, a

change in depth of a few inches.

The return is about 12 ft. long and rmst include a throttling wvalve and

a punp and motor. The valve 1is necessary to control the quantity of flow
in the test section. A centrifugal pump capable of delivering 600 g.p.m.
azainst a head of 20 ft. shculd prove satisfactory.

To nmake certain that the punp cannot overload the rmotor, a § horsepower
electric motor should be installed.

The size of the pump was cstimated in the following manncer, First the
critical quantity of flow, i.e. Fy = O.L4 and hy = 8 in,, was calculated and
found to be approximately 550 g.p.m. Then the head losses werc determined

for several pipe sizes. There may be considerable error, since nost of the

losses are due to entrance, oxit, slbows, and discontinuities, all of which

aro difficult to find exactly. For a six inch diamseter pipe, a total head

of about 3 ft. was found. Therefore, a pump selected above sho.ld not

only meet the design conditioans, btut should
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be capable of providing flows considerably in excess of the design con-
ditions. This is particularly desirable so that the maximum velocity for
which smooth flow occurs may be investigated.

Pliot Channsl Design:

It is important thzt +he pilot channel be easy to modify, since, the
purpose of the pilot channel is to obtain design information for a full
scale channel by experimental msans,

For this reason wood is used in the consiruction wherever possible.
Further, the method of construction permits changes to be made to the
depth distributicn in the approach, the slope of the test section bottom,
and the length of the approach und test section with little difficulty.

The general features of the design are shown schematically in Fig. 5;

The framework consists of hzavy wooden members, see Ref. a. To this
are attached the plenum chamber and the side walls of the approach and test
section. The reservoir is a bax complete in itself, mo that it may be
moved if a shorter chamnel i{s desired.

The side walls are made of Philippine mahogoney plywood because it can
be easily finished to a smooth surface., Attachment screws are countersunk
and pluzs used to preserve the smooth surface. Horizontal reference lines
ars drawn the entire length of the test section with a vertical spacing of
ons=half{ inch. The surface is painted a color that will contrast welil
with the water surface,

The bottom of the approach and tes. section consists of two parts and
they are not inte.:ral with the side walls. The bottom of the test section
is flat and smooth. It is made to fit the side walls snugly and is supported
in such a manner that its slope may be changed. The becticm of the approach
consists of a framework built up to the proper contour and covered by ply-
wood. It also fits the side walls snugly and is supported by the framework.
The small gap botwoon tho alde walls an! the bottom is sealed by a suitable
filler,
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The weir is simply a rectanjular plate with a sharp edge on the top.
Provision is made for adjusting the highth of the weir,

The return contains a valve, pump, and moto¥. A centrifugal pump
with a capacity of 600 g.p.m. at a head of 20 ft. is used. A splash
proof 5 horsepower electric mctor is employed to drive the pump.

Test Program:

The entire test program cannot be specified in advance due %o the nature
of the tests. At best, conly the initial series of tesis can be specified
now, and a zenersal outline given for the remaining tests.

The first group of tests will be with the bottom of the test section
horizontal and an approach t on of type E = O mods,. 8ee Fig. 2. Several
rates of flow will be investizated for several depths of the flow in the
test section. Velocity distrivution will be obtained in the plenum chamber
and the test section for each run. In addition surface wavcs will be
observed visually. In each instance the maximum veiocity at which surface
disturbances become serious will be given special attention.

After this an attempt will be made to improve the character of the flow
by the use of resistances; such as screens, in the flow. Then the effect
of the slopa of the test section bottom will be studied. The best arrange=-

mamd Lov wmasawd &
NRIAY Adl MOl v

h velcoclity distribution and surface digturbonces will
be determined,

The next step will depend upon the results already obtained. If the
flow is not satisfactory, probably the approach bottom will be modified
until pood flow characteristics are obtained. If this is not successful

the width distritmtion may be changed.
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After a good flow has been obtained, consideration will be given to
making the channel shorter. The channel will be made as short es possible,
snd the above procedure repeated in an effort to again obtain good flow

characteristics.

& “/[QWW

¥. Roltmayer




CROSS - SECTIONAL ARSAS REGUIRED IN THE APPROACH

TABLE
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I

ARZA = SQ. IN.

STA.
) E = 60 ) E=0
0 768 768

5 307.2 . 231.0
10 226.5 170.7
15 187.8 143.7
20 163.7 128.0
25 1L5.1 117.8
30 13L.7 110.6
35 125.0 105.4
L0 117.1 - 101.7
LS 111.7 99.1
50 105.0 $7.3
55 100.2 96.3
60 96.0 96.0

)
tHE HYDROFOIL CORPORATION
rami - E-R e 2//61
TABLE MO. I R =6
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